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摘      要 











       对从普里兹湾深海沉积物中筛选到低温几丁质酶产生菌 AC444 进行分类鉴定
及其发酵条件和酶学性质研究。AC444 经 16S rDNA 序列分析鉴定为假单胞菌属
（Pseudoalteromonas）属，是一株兼性嗜冷细菌，其 适生长温度为 15°C， 适
产酶温度为 20ºC。经酶学性质试验分析， AC444 菌株所产酶的 适反应温度为
35ºC，在 10°C 时仍能保持约 25%的活力，而且对热敏感。该酶的 适作用 pH 值
为 7，属于中性低温酶。运用简并引物通过四轮 PCR 对 AC444 所产的 chiA 基因 进
行克隆， 终我们得到一个全长 3108bp，编码 1035 个氨基酸的几丁质酶基因，与
数据库中的 chiA 基因具有较高的同源性，但其酶学性质具有较大的不同。 





















One of the heat spots for global ecosystem research is the study of ecology in 
Antarctica continent, which takes up an important part among global system. Prydz 
Bay，the largest bay embedded in the Antarctic continent， exerts important effects on 
the Antarctic marine ecosystem due to its special “bottle-neck” shape and the sea-bottom 
landform. By virtue of this, Prydz Bay thus is able to retain the sea water with high 
salinity, low temperature as well as high density. Chitin is the most abundant and 
important source of nutrients and energy in marine environment, especially in Antarctic 
sea area. The degradation of chitin by chitinase from microorganisms becomes a key step 
in the cycling of nutrients and energy. It’s also proposed that chitinase can be served as 
one of the bio-monitors for the environment evaluation. The coldest environment of 
Antarctica throughout the world providing unique samples for the screening of cold 
active enzymes is of great significance in scientific exploitation. In this study, a cold 
active chitinase was screened and characterized from the deep sea sediment of Prydz Bay, 
and the chitinase gene diversity in this sediment sample was also surveyed. These results 
supplied the Antarctic ecosystem research with new materials.  
    The bacteria, AC444, producing cold active chitinase, was isolated and studied. The 
morphological identification and 16S ribosome DNA (rDNA) analysis indicated that this 
strain belonged to the genus, Pseudoalteromonas.  The optimal temperature and the 
highest temperature for the growth of Pseudoalteromonas sp. AC444 were 15°C and 
30°C respectively, indicating that it was a psychrotrophic bacterium. Furthermore, the 
chitinase produced by Pseudoalteromonas sp. AC444 was secreted best at 20ºC in the 
medium containing colloidal chitin and tryptone, and reach the highest activity at 13.47 U. 
The optimum temperature and pH value for the Pseudoalteromonas sp. strain AC444 
chitinase were 35˚C and 7 respectively, implying that it belonged to neutral cold-active 
enzyme. This chitinase could retain 25% residual activity under 10ºC, and was sensitive 
to high temperature.  The chiA gene of AC444 chitinase was cloned by multiple PCR. 
The nucleotide sequence contained an open reading frame of 3108bp, coding for 1035 
amino acid residues. The gene sequence had high similarity to the chiA genes in database, 
but the protein showed quite different enzyme characteristics.  














deep sea sediment collected from Prydz Bay was performed by primers Chi_F1/Chi_R1 
specific for group A chitinase belonged to family 18. The results showed that most of 
detected chitinase gene sequences belonged to the Serria-like chitinase, which implied 
that Serria play an important role in this chitinous community. Given the fact that the 
obtained gene sequences showed high similarity between each other and they located in 
four independent clusters, it is inferred that the environment may affect their phylogeny.  
 

































































































糖胺酶将前面两种酶产生的寡聚产物 终分解成 N-乙酰葡萄糖胺单糖[10]。 
几丁质酶根据氨基酸序列特征可以分为 3 个家族：家族 18，19，和 20 糖基水
解酶类[10]。绝大多数细菌、真菌、动物、病毒、植物中 III 类与 IV 类几丁质酶属
于家族 18，家族 19 主要由植物几丁质酶(I 类、II 类、III 类)和一些灰色链霉菌几丁






























丁质酶基因。如灰色链霉菌（Streptomyces griseus）中还竟有多达 8 种不同的几丁
质酶，6 种属于家族 18，2 种属于家族 19[13]。许多微生物产生多个同质异构的几
丁质酶基因，这些基因大多来自多个基因，或有时来自同个基因翻译后处理。而不
同的几丁质酶主要归因于翻译后的处理比如通过不同的糖基化和/或蛋白质水解修
饰。如粘质沙雷氏菌几丁质降解体系共有 4 种几丁质酶，分别命名为 Chi A、Chi 
B、Chi C1、Chi C2，分子量依次为 57、52、48、36、21kDa（其中 Chi C2 是 Chi 
C1 的去掉 C 端后的剪切产物）[14]，它们相对应的已知基因顺次为（chiA、chiB、
chiC），另有一个无任何酶活性的几丁结合蛋白（CBP21，分子量是 21kD），相应
的基因分布在 chi B 的下游[14,15]。虽然 chiA、chiB、chiC1 有类似的催化区域，但
是 chiA 和 chiB 被认为从相反的方向降解几丁质链。chiA 从还原性末端降解而
chiB 从非还原性末端降解。粉状几丁质经过 chiA 或 chiB 作用后加入两者中的另外
一种均能提高几丁质降解的效率。一株嗜热细菌 B .licheniformis X-74 有四种几丁
质酶：几丁质酶 I、 II、 III 和 IV。几丁质酶 II、 III 和 IV 降解几丁质产生
（GlcNAc）2和 GlcNAc，几丁质酶 I 主要产生（GlcNAc）2。同时，几丁质酶 II、




N 端到 C 端依次为信号肽（signal peptide），几丁质酶催化区(catalytic domain)，几

















酶之间，信号肽序列较为相似，例如  Enterobacter sp. G-1，S. marcescens，
E.agglomerans IC1270 和 A.caviae 的几丁质酶 ChiA 具有相同的信号肽序列。有些
细菌的几丁质酶基因转移到宿主中后，几丁质酶的信号肽断裂位点会发生改变，这
可能是由于不同的细菌对蛋白的输出机制不同引起的.如 B.circulans WL-12ChiA1[17]
酶蛋白的信号肽断裂位点在 Ala41-Ala42 之间，而转移到 Escherichia coli 中后，酶
的信号肽断裂在 Ala32-Leu33 之间，位置发生了改变。 
1.1.2.4.2 催化域 
 几丁质酶的催化域负责几丁质的水解，是几丁质酶真正起作用的部分。根据
催化区的相似性几丁质可分类为家族 18 与 19。它们的催化结构显著不同，家族 19
的催化区含有很高的α螺旋比例，结构类似于壳聚糖酶和溶菌酶[18]。而家族 18 的
催化区是一个典型的 TIM（Triosephosphate isomerase，丙糖磷酸异构酶）结构，即
由 8 个α螺旋组成的外桶围绕着 8 个β折叠组成的内桶所构成。它还可细分为 A、
B、C 三个亚家族，亚家族 B、C 没有亚家族 A 的一个插入区[19]。此两类结构域中
在催化时起 关键作用的酸性氨基酸是高度保守的。研究不同微生物的几丁质酶催




































1.1.2.4.4 C 端序列 
几丁质酶 C 端序列的作用现在还不清楚。有报道 Alteronomas sp. strain O-7 的









距离以便空间上能够彼此充分配合[17,19]。如环形芽胞杆菌 Chi A1 有两个 Fn III 区
和一个 ChBD，Fn III 区中的任何一个或全部缺失都造成酶水解能力下降，特别是
两个共同缺失所造成损失竟达到失去 ChBD 后的水平[17,19]。在真菌和酵母的几丁质
酶中还含有一个富含 ser/thr 的区段，可作为 O-糖基化的受体位点[26]。而在 Vibrio 
Harveyi Chi A 及 Clostridium paraputrificum Chi B[27]中发现存在 Cadherin-like 结构
域。类钙粘着蛋白（Cadherin）是动物中与 Ca 离子介导的细胞粘附相关的膜蛋白
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